A small proportion of many cancers are due to inherited mutations in genes, which result in a high risk to the individual of developing specific cancers. There are several classes of genes that may be involved: tumour suppressor genes, oncogenes, genes encoding proteins involved in DNA repair and cell cycle control, and genes involved in stimulating the angiogenic pathway. Alterations in susceptibility to cancer may also be due to variations in genes involved in carcinogen metabolism. This review discusses examples of some of these genes and the associated clinical conditions caused by the inheritance of mutations in such genes.
INTRODUCTION
Cancer is common, and it is a minority of cancers that arise as a result of inherited and highly penetrant cancer susceptibility gene alterations. However, familial clustering of cancer is relatively common, and is likely to be due to a combination of environmental factors, rare gene mutations with high penetrance, and commoner lower penetrant gene variants acting together to alter disease susceptibility.
TUMOUR SUPPRESSOR GENES
There are several types of genes which can cause inherited susceptibility to cancer if inherited in a faulty state. The paradigm of inherited alterations in tumour suppressor genes was first elucidated by Knudson and others in the 1970's (Knudson, 1971) , and inherited faulty tumour suppressor genes (TSG) are a common cause of autosomal dominantly inherited susceptibility to specific cancers, for example inherited retinoblastoma (Huang et al., 1988) , familial adenomatous polyposis (FAP), Gorlin and Cowden syndromes, and neurofibromatosis types 1 and 2 (Hodgson et al., 2007) . A large number of inherited cancer susceptibility conditions are due to the inheritance of faulty TSG, and the inactivation of the normal allele in the susceptible tissue is usually the rate-limiting step to the initiation of a tumour in such individuals. Each condition is associated with an increased risk of a small spectrum of cancers. Many of these conditions are associated with phenotypic abnormalities, because the genes involved are often those with functions in developmental pathways. FAP is a good example of this type of condition, caused by germline mutations in the APC gene, where multiple adenomas begin to develop in the large bowel from the early teenage years, as the premalignant lesion, and these may develop into a cancer if the polyp is not removed. Polyps usually develop in the teens and penetrance is almost complete by the age of 40 years in classical cases. Progression to malignancy is inevitable, and colorectal carcinoma often develops in untreated cases by about the fourth decade or even in childhood, 20~30 years earlier than in non-familial colon cancer. Histologically, single crypt adenomas are a characteristic feature. Polyps also occur else-where in the gastrointestinal tract. Gastric polyps in FAP are of two types: benign hyperplastic fundic gland polyps occur in most patients, and adenomas may also occur, usually in the pyloric region of the stomach, but at a much lower frequency. It is usual to perform a total colectomy in affected individuals once the polyposis becomes established. The APC gene is large, and has 15 exons, of which exon 15 is much the largest. Currently, it is possible to detect mutations in the APC gene in up to 82% of families (Ilyas and Tomlinson, 1997) . Most mutations in familial adenomatous polyposis patients are frameshift (2/3) or nonsense (1/3) mutations which result in the production of a truncated protein. The APC gene product appears to function as a tumour suppressor with subcellular location and interaction with catenins. Predictive genetic tests are available to the at-risk relatives of an affected individual once the mutation has been detected in an affected person in the family. Relatives of affected individuals should be ascertained with the help of a genetic register, and those at risk of inheriting the disease should be offered screening and genetic testing if possible. Screening of at-risk relatives is usually commenced between the ages of 11 and 13 years by annual sigmoidoscopy because the rectum is involved by adenomas at an early stage and polyps rarely develop before 11 years of age. However, annual colonoscopy is advisable for screening from 20 years of age, and upper gastrointestinal surveillance is needed in affected individuals later (Heiskanen et al., 2000) .
Some mutations in the APC gene may cause attenuated polyposis, with a milder phenotype and fewer colonic polyps with a later onset of colorectal cancer risk. A similar polyposis syndrome (MutY human homologue-associated polyposis (MAP)) has recently been discovered to be due to inherited alterations in the MutY human homologue (MYH) gene, a DNA repair gene, and this condition is inherited as an autosomal recessive condition, so it is important to make a correct diagnosis for accurate genetic counselling (Sieber et al., 2003; Sampson et al., 2003) .
ONCOGENES
Inherited mutations in oncogenes are a much less common cause of dominantly inherited cancer susceptibility, but some examples are recognised, including multiple endocrine neoplasia type 2 (MEN2), and a group of childhood dysmorphic syndromes such as Noonan's syndrome. The association with dysmorphic features is due to the fact that the normal functions of these oncogenes are in development. MEN2 is due to inherited mutations in the RET oncogene, and predisposes to medullary thyroid cancer with early onset, phaeochromocytomas and parathyroid hyperplasia. Management of mutation carriers includes prophylactic thyroidectomy in childhood, and annual screening for phaeochromocytoma (Eng et al., 1996) .
DNA REPAIR GENES
DNA repair defects are a common cause of inherited cancer susceptibility, and many examples have now been recognised. Some of these are autosomal recessive conditions such as ataxia telangectasia, Fanconi anaemia and xeroderma pigmentosum, and MAP. Hereditary non-polyposis colon cancer and breast cancer susceptibility due to BRCA1 and BRCA2 mutations are examples of autosomal dominant cancer susceptibility syndromes due to inherited alterations in genes which are involved in DNA repair processes, and there are many other examples.
Hereditary non-polyposis colon cancer (HNPCC), also known as Lynch syndrome, is one of the commonest forms of inherited predisposition to colorectal cancer (CRC), accounting for 2%~5% of all CRC. CRC in individuals with HNPCC differs from sporadic CRC by an earlier age of diagnosis (mean age approximately 44 years), a predominance of proximally-sited colon cancers (60%~70%) and an increased propensity to synchronous or metachronous CRCs (25%). Individuals with HNPCC have an 80% probability of developing CRC by the age of 65 years. They are also at an increased risk of developing a second primary CRC, although the stage at diagnosis is reported to be lower in HNPCC families than in the general population (Watson and Riley, 2005) . In addition, affected individuals are at increased risk of a number of extra-colonic malignancies, with women having a 50%~60% risk of endometrial cancer. An elevated risk of a number of other extra-colonic cancers has also been documented in the disease. These include cancers of the stomach, small intestine, urological tract, ovary, brain and pancreas. Reports vary as to whether breast cancer is part of the Lynch syndrome spectrum. Multiple sebaceous skin tumours occur in a variant of HNPCC, the Muir-Torre syndrome (Mangold et al., 2004) .
HNPCC arises as a result of germline mutation in one of the several DNA mismatch repair (MMR) genes. In most families the mutated gene is MLH1 (50%), MSH2 (39%) or MSH6 (7%); MLH3, PMS1 or PMS2 genes are occasionally involved (Peltomaki and Vasen, 2004) . There is some evidence for a relationship between the gene involved and the spectrum of cancer risks, carriers of mutations in MSH2 appearing to have a higher risk of developing extra-colonic cancers than individuals with MLH1 mutations (Vasen et al., 2001) . Females carrying MSH6 mutations have been reported to have a particularly high risk of endometrial cancer (71%), but only a 30% risk of CRC (Bandipalliam et al., 2004) . Management of individuals with HNPCC and those at risk of the condition, is by colonoscopy every 1~2 years from 25 years of age, and endometrial ultrasound and biopsy from 35 years of age on an annual basis (Park et al., 2006) .
Women with germline mutations in BRCA1 or BRCA2 have a high risk of developing breast and ovarian cancer, and such mutations account for about 5% of all breast cancers. A meta-analysis of 500 families with BRCA1 and BRCA2 mutations identified from population based studies has estimated the risks of breast and ovarian cancer in BRCA1 carriers to be 65% (confidence interval (CI): 44%~78%) and 39% (CI: 18%~54%) by age of 70 years, respectively. For BRCA2 the risk was 45% (CI: 31%~56%) for breast cancer and 11% (CI: 2.4%~19%) for ovarian cancer (Antoniou et al., 2003) , respectively. Higher risk estimates are obtained from data using multiple case families as with the Breast Cancer Linkage Consortium, where the breast cancer risk for carriers of mutations in either gene approaches 80% over a lifetime, and the ovarian cancer risk is about 40% for BRCA1 mutation carriers, and 20% for BRCA2 mutation carriers. Ovarian cancer is, in particular, associated with mutations in the ovarian cluster regions of BRCA1 and BRCA2 (Thompson and Easton, 2002a (Thompson and Easton, 2002b) .
There is good evidence that salpingooophorectomy halves risk of breast cancer in women, both in the general population and in BRCA1/2 mutation carriers and is thus a prophylactic option for women who carry BRCA1/2 mutations (Meijers-Heijboer et al., 2001; Rebbeck et al., 1999) . Prophylactic mastectomy decreases the risk of breast cancer in BRCA1 mutation carrier by 89.5%~100% (Narod, 2001) . It seems likely that poly (ADP-ribose) polymerase (PARP) inhibitors and cross-linking agents such as carboplatin may be particularly effective in treating cancers in women with BRCA1 and BRCA2 mutations because their tumours lack the ability to repair DNA damage by homologous recombination (Kennedy et al., 2002) .
ANGIOGENESIS GENES
A further mechanism for inherited cancer susceptibility, exemplified by the autosomal dominant conditions von Hippel Lindau disease (VHL) and multiple paragangliomata, is due to alterations in genes which are involved in the vascular endothelial growth factor (VEGF) pathway, and such mutations lead to stimulation of angiogenesis. Individuals with VHL mutations are at high risk of developing cerebellar haemangioblastomas, renal cell cancers and phaeochromocytomas (Maher et al., 1990) , and require careful monitoring at least annually. Treatment of these tumours with anti-angiogenic agents is being developed.
Other examples of inherited childhood cancer susceptibility are associated with overgrowth, such as Beckwith syndrome, and genetic imprinting may play a role in these. Many of the genes involved in these syndromes are growth promoters.
CONCLUSION
This overview shows that there are many different ways in which individuals can have an inherited predisposition to certain cancers, and understanding these mechanisms will help identify individuals at increased risk of developing cancer, and also should lead to improved treatment of cancer.
